Relatively straightforward placement of an umbilical arterial catheter can be complicated by psuedoaneurysm formation in the presence of a coagulopathy. We describe a case of a neonate, where bedside ultrasound had a key role in the timely diagnosis of this complication and prevented a potentially fatal outcome. Pertinent imaging findings are described with a brief literature review.
Introduction
Umbilical arterial catheter (UAC) placement is a vascular access procedure, commonly performed in neonates, to enable arterial pressure monitoring, blood sampling and exchange transfusion. Access is obtained through the umbilical artery, with the catheter normally following an inferior course until it enters the common iliac artery, where it turns and ascends into the aorta. 1 Appropriate placement of the catheter tip is in the descending aorta, either between the T6 and T10 levels or at the level of L3 above the aortic bifurcation. 2, 3 The complication rate of UAC is B10% 4 ; complications include thromboembolism, mechanical vascular injury such as perforation, infection and pseudoaneurysm formation. In our case, abdominal ultrasound demonstrated the pseudoaneurysm formation caused by UAC placement; subsequent surgical resection of the pseudoaneurysm was successful.
Case A female newborn was born at 30-week gestation to a 19-year-old mother via C-section for placental abruption and fetal bradycardia, at an outside institution. APGAR scores were 3 and 7 at 1 and 5 min, respectively. The newborn appeared depressed, hypotonic, pale and mottled; she had significant petechiae and bruising of the skin. Coagulation studies revealed an elevated prothrombin time (PT) and partial thromboplastin time (PTT), and a platelet count of 195 000 per mm 3 . A low-lying umbilical venous catheter (UVC) was placed. She was then transferred to our institution for further management.
Upon admission, the UVC was replaced. Two attempts at UAC placement using 3.5 Fr and 5.0 Fr Argyle (Tyco Healthcare Group LP, Mansfield, MA, USA) catheters were unsuccessful. The lines threaded easily; however, no blood return was obtained. The UAC was removed and a peripheral arterial catheter was placed instead. Coagulation studies documented a PT of 20.8 s, PTT 65.1 s, international normalized ratio 2.15, fibrinogen 141 mg dl À1 and platelets 270 000 per mm 3 . Extensive coagulation work up revealed a negative direct Coomb's test and normal for age coagulation factors (IX 27%, VIII 54%, XII 53% and XI 47%).
Shortly after the attempted UAC placement, the patient's hemoglobin dropped from 12 to 5.4 g dl À1 , requiring aggressive fluid resuscitation. Urgent abdominal ultrasound was performed due to the sudden drop of hemoglobin and the development of a lower abdominal mass; it demonstrated a heterogeneous mass measuring 4.0 Â 2.7 Â 3.6 cm below the umbilicus, subjacent to the anterior abdominal wall and superior to the dome of the bladder. This mass demonstrated mixed echogenicity with a whorled pattern peripherally and more homogenous central echogenicity, with low level internal echoes and arterial flow on color Doppler (see Figure 1) . The large amount of heterogeneously echogenic material surrounding the superior and left lateral aspects of the lesion was concerning for thrombus. Anterior to the right aspect of the lesion, the right umbilical artery was identified. The left umbilical artery was identified anteriorly draped over the hematoma along the abdominal wall, although no definite communication could be demonstrated with the above described mass. The lesion did extend extraperitoneally up to the level of the junction of the left umbilical artery and the iliac artery. The ultrasound conclusion reported the mass as an umbilical pseudoaneurysm with hemoperitoneum.
Pediatric surgery planned abdominal exploration. Before surgery, she became pulseless and cardiopulmonary resuscitation was initiated, followed by emergent laparotomy. Dark hematoma filled both the intraperitoneal cavity and extraperitoneal spaces along the external iliac vessels and left inguinal region. The abdomen was packed, and after pharmaceutical resuscitation with epinephrine and atropine, spontaneous cardiac activity and circulation returned. Definitive central venous access was eventually secured and further exploration of the abdomen showed an adventitial hematoma of the left umbilical artery extending into the extraperitoneum to the level of the junction of the umbilical and internal iliac arteries. The artery was ligated close to the iliac artery and the hematoma was evacuated.
Of note, the patient received platelet transfusions, vitamin K and fresh frozen plasma perioperatively. Over the course of the admission, the prolonged PT and PTT normalized. The coagulopathy resolved completely and was not felt to be hereditary in nature. The patient did have bilateral grade III germinal matrix hemorrhages on postoperative day 1. This was complicated by hydrocephalus, which required staged ventriculoperitoneal shunt placement. At the time of this report, she is in good health and receives regular follow-up as an outpatient.
Discussion
Pseudoaneurysms are contained hematomas that form at the site of a complete rupture of a vessel wall, including the adventitial, medial and intimal layers. 5 Generally composed of blood and organizing thrombus, these lesions are bounded by surrounding soft tissue and fascia, and they are considered an unstable, temporary containment of imminent exsanguination if associated with a major arterial vessel. As such, they are surgical emergencies that require prompt diagnosis.
Pseudoaneurysm formation is an uncommon but potentially devastating complication of UAC placement. The use of UACs in neonates began in the 1960s, and our review of the literature found that a number of case reports exist from as early as the 1970s; however, these primarily describe pseudoaneurysms of the descending aorta 2,6-10 or iliac artery. 10, 11 The majority of these pseudoaneurysms were mycotic in nature, 2,5-11 as opposed to the index case, which appears post-traumatic given the time course and clinical history. Given the location of the hematoma, we believe the catheter trauma occurred at the level of the acutely, anteriorly angled take off of the umbilical artery from the internal iliac artery. This supposition was corroborated at surgery. Several prior reports discuss the local trauma of a stiff catheter against the vascular wall, focal turbulent flow at the catheter tip and secondary inflammatory changes as contributing factors to pseudoaneurysm formation. 2, 3, 8, 10, 12 Hemophilia A, hemophilia B and von Willibrand's disease have all been associated with traumatic/iatrogenic pseudoaneurysm formation. 13, 14 Coagulopathies of these types increase the risk of invasive procedures, but in our patient, these conditions were not present. Instead, there was only a transient nonspecific prolongation of PT and PTT. There is no available literature linking these parameters to incidence of aneurysm in this age group.
Mlekusch et al. 15 found a 100% positive predictability between iatrogenic occurrence of femoral artery psuedoaneurysm and platelet count below 200 Â 10 9 per l. They also found that patients with pseudoaneurysms more frequently received an aggressive antithrombotic regimen; intravenously administered abciximab had a significant effect on the development of pseudoaneurysms and treatment with clopidogrel also was a risk factor. The study was limited as the authors did not use any other coagulation parameters in the study. We feel that this subgroup would also have deranged parameters like PT, PTT and activated clotting time. Critical maintenance of coagulation parameters is standard practice while treating aneurysms through an endovascular route. 16 The role of sepsis has been linked to pseudoaneurysm and coagulopathy. 17 In this case, the patient was empirically started on ampicillin and gentamicin due to a risk of sepsis. Blood cultures were negative on day of life 3 and thus while sepsis could not entirely be excluded, its role in coagulopathy in this case cannot be definitely substantiated.
We think that in our case, the occurrence of iatrogenic pseudoaneurysm is likely multifactorial. Although the platelet count in our case was within normal limits for age, transient coagulopathy may have contributed to pseudoaneurysm formation and hemoperitoneum. Alternatively, the whole picture may represent a consumptive coagulopathy. At least one case report of pseudoaneurysm formation following UAC placement was published by Katz et al. in 1986. 5 We found no report of associated hemoperitoneum. This complication may have been more frequently encountered; however, the relative paucity of reported cases would suggest otherwise. Pseudoaneurysm formation should be recognized as an uncommon but serious iatrogenic complication of a relatively standard procedure in neonatal intensive care. Care should be exercised when executing any invasive procedure and a differential diagnosis of a traumatic pseudoaneurysm should be considered when clinical signs of hypotension, decreasing hemoglobin or shock present immediately after a difficult or unsuccessful catheterization. In the setting of new intraperitoneal fluid, generalized hemoperitoneum should be suspected and operative intervention should be considered.
